In order to reveal the nature of the segmentation of Longmen Mountains Thrust Belt caused by the three nappes (Jiaoziding, Jiudingshan, and Baoxing Nappe), several methods are applied in this paper, including field investigation, seismic explanation and balanced crossed section, etc. Results of research reveal that nappes in Longmen Mountains vary in geometry, kinematics, and dynamics. Jiaoziding Nappe has generally behaved in a ductile manner, whereas Jiudingshan Nappe has been rigid, and the rheology of Baoxing Nappe has been intermediate between that of the other two nappes. The development of nappes has resulted in tectonic segmentation of Longmen Mountains: the main structural style of the northern segment is thrust faulting, with Jiaoziding Nappe representing a giant syncline. Given its ductility, it absorbed lots of stress, with the least amount of tectonic shortening in the SE part of the nappe. In the middle segment, the deformation is controlled by the rigid Jiudingshan Nappe, whose frontal area records lots of tectonic shortening. Deformation in the southern segment is intermediate in character between that of the other two segments, characterized by horizontal zonation, as demonstrated by fault development, and vertical stratification, which indicates that fault development was controlled by lithology.
Introduction
Located on the western edge of the Western Sichuan Foreland Basin, the Longmen Mountains Thrust Belt records polyphase deformation and is characterized by complicated structures [1] [2] [3] [4] [5] . The belt shows clear tectonic segmentation, as described in previous publications. For example, Jia et al. (2006) divided the belt into northern and southern segments in the area of Anxian County [6] , Li et al. (2005) recognized the Jiaoziding, Jiudingshan, and Baoxing nappes [7] , and Liu (2006) identified three segments: a northern segment to the north of Deyang City, a southern segment to the south of Dujiangyan City (formerly known as Guanxian County, which is still used on occasion because of its important geological implications), and a third segment located between the them [8] . Jin et al. (2010) divided the Longmen Mountain Thrust Belt into three segments (northern, middle, and southern, separated by two transfer zones) based on seismic data and field surveys [9] [10] . Besides, some transverse faults (such as the Wolong-Huaiyuan fault and Huya fault) are studied and are taken for the boundaries between different fault zones by means of geophysical features [11] [12] . This paper focuses on the long standing nappes (the Jiaoziding, Jiudingshan, and Baoxing nappes) and their implication on the tectonic characteristics and evolution of Longmen Mountains Thrust Belt and even Western Sichuan Foreland Basin which has largely been neglected in previous studies, so the mechanism of segmentation of the Longmen Mountains Thrust Belt is further investigated in terms of three main nappes in this paper; these nappes are described and analyzed in terms of their geometry and kinematics, and the control by nappes on segmentation of the thrust belt and the tectonic evolution of the Western Sichuan Foreland Basin.
Method

Nappe Geometry
An analysis of structural styles at the surface and at depth indicates that the Jiaoziding, Jiudingshan, and Baoxing nappes differ in geometry ( Figure 1 ; Table 1 ).
The strike of beds within the three nappes is consistent (NE-SW), and the nappes are separated by the Anxian transfer zone (between the Jiaoziding and Jiudingshan nappes) and the Guanxian transfer zone (between the Jiudingshan and Baoxing nappes) [10] . The nappes are all large, from 1700 km 2 to 3000 km 2 ( 
Jiudingshan Nappe
After the Jinning Movement, the Songpan-Aba Basin was connected to the Sichuan Basin, forming a single block known as the Yangtze unite basement. After
Sinian, the palaeotopography undulating and the Jiudingshan Nappe was a palaeohigh [13] , and this palaeohigh was the origin of subsequent tectonic palaeo-uplift and the formation and evolution of adjacent areas. In the late Middle Triassic, the stress field affecting the Songpan-Aba Basin reversed from extension to compression, due to collision between the Yangtze and North China blocks. As a result, the imbricate listric faults that formed previously in an extensional field were transformed to shear or thrust faults, as was the deep-level decoupling fault. The process of deformation was piggy-back style, meaning that faults in the northwest formed earlier than those in the southeast [13] .
A typical section across the Jiudingshan Nappe was selected for the construc- that the thrust belt has been denuded by 5 -10 km since the Miocene, with an uplift rate of 0.6 mm·a −1 [15] .
Baoxing Nappe
The three nappes differ in terms of the timing of their formation and deformation, with the northern segment (Jiaoziding Nappe) pre-dating the southern segment (Baoxing Nappe). For example, the Jiaoziding Nappe has been deformed since the Middle Caledonian, which saw the formation of several large normal faults that were later reactivated as thrust faults. This tectonic activity continues to the present day, such as 5.12 big earthquake, which resulted from the combined influences of collision between the Yangtze and Tibet blocks, and multi-level detachment layers [10] . The Jiudingshan Nappe, located in the central section of the Longmen Mountains Thrust Belt, consists of a large-scale intrusion that formed during the Jinning Period. During subsequent tectonic events, the intrusion was uplifted, making the tectonic palaeohigh in adjacent areas disappeared.
The Baoxing Nappe, located in the southern part of the thrust belt, was deformed later than the other two nappes, recording deformation that began during the Indo-Chinese epoch. The northern segment was more intensively deformed during the early stages (such as Late Permian) whereas the southern segment was more intensively deformed during the late stages (such as Late Triassic) ( Figure 5 ). Because of the contrasting rheology of the three nappes (i.e., ductile versus brittle), the areas in front of the nappes experienced different amounts of tectonic shortening. Based on physical modeling, Yu et al. (2010) calculated shortening amounts for the northern, middle and southern segments of 32.72%, 39.63%, and 34.93%, respectively [16] . In summary, the timing of deformation of the Longmen Mountains Thrust Belt shows a younging trend from SE to NW, and a corresponding trend from ductile to brittle deformation. 
Result
In terms of the tectonic framework, the Longmen Mountains Thrust Belt is located in a unique position, bound to the west by the Qinghai-Tibet Plateau and to the east by the Yangtze Plateau. The thrust belt is an important orogenic belt and foreland basin system with complicated structure and a long geological history. Large-scale orogenic processes began in the Late Indo-Chinese epoch. Two types of orogenic events (N-S and E-W compression) produced two corresponding tectonic systems (structures that strike E-W and N-S, respectively).
During the Cenozoic, the northern part of the Qinghai-Tibet Plateau was extruded to the SE as a result of the northward indentation of the Indian Plate, producing intensive thrusting, strike-slip faulting, and uplift at the eastern edge of the Qinghai-Tibet Plateau.
As mentioned above, the three nappes differ in terms of their lithology, rheology, and tectonic evolution; consequently, it is considered that the nappes were subjected to different deformation mechanisms, which in turn affected the tectonic deformation of adjacent areas in the Longmen Mountains.
Jiaoziding Nappe
The Jiaoziding Nappe is a large-scale syncline that has experienced intensive tectonic shortening (shortening of 49.89%; Table 2 ). The NW part of the nappe was shortened by 39.93%, while the SE part was shortened by 10.25%, indicating that the nappe has absorbed a large amount of compressional stress during intensive tectonic deformation.
The NW, central, and SE parts of the nappe have been affected by ductile deformation, ductile-brittle deformation, and brittle deformation, respectively, resulting in the development of many thrust faults in the SE part. Yu et al. (2010) reported that deformation of the northern segment of the Guankou Fault is indicative of an imbricate basement-involved thrust for which its forward propagation has been restricted by an unconformity [16] . These observations indicate a progressive transition from ductile to brittle deformation from NW to SE. 
Jiudingshan Nappe
The Jiudingshan Nappe consists of a large-scale intrusive mass. Given its lithology, the nappe has experienced relatively little tectonic shortening (23.33%; Table 2 ). The NW part of the nappe was shortened by 29.20%, whereas the SE part was shortened by 47.46%. The lack of shortening of the Jiudingshan Nappe indicates that compressive stress was transmitted from NW to SE, with the SE part of the nappe experiencing the most intense deformation.
In terms of the nature of deformation, intensive brittle deformation is evident in the Jiudingshan Nappe, including thrust faults and conjugate joint sets. The NW part of the nappe has been affected by ductile deformation, whereas brittle deformation structures are evident in the SE part. Because of the existence of décollement layers, many thrust faults show features of vertical stratification.
Similarly to the Jiaoziding Nappe, the overall deformation of the Jiudingshan Nappe shows a transition from ductile to brittle when moving from NW to SE.
In terms of the timing of deformation, the Jiudingshan Nappe records two Late Indosinian and Late Himalayan. Similarly to the Jiaoziding Nappe, the Jiudingshan Nappe shows evidence of piggy-back deformation.
Baoxing Nappe
The Baoxing Nappe consists of multiple suites of volcanic rocks with a complicated pattern of surface outcrops. The amount of tectonic shortening of the nappe is 34.90 km, representing shortening of 54.76% (Table 2 ). The NW part of the nappe has been shortened by 29.31% and the NE part by 15.93%, indicating that the nappe absorbed a relatively large amount of tectonic stress during the deformation events. 
Discussion
Effect of Nappe Development on Segmentation of the Sichuan Basin Basement
The Jiaoziding, Baoxing, and Jiudingshan nappes had an important influence on the evolution of the Longmen Mountains Thrust Belt. For example, the nappes controlled the character of basement beneath the belt. The segmentation of basement rocks is a primary feature of the Western Sichuan Foreland Basin ( Figure 6 ); e.g., the basement can be divided into three main segments from Guangyuan City to the southern part of the Sichuan Basin, with the boundaries between the segments being consistent with the margins of the three nappes.
Influence of Nappe Development on Shallow Structures
In addition to affecting the basement of the Western Sichuan Basin, the three structures in this region are dominated by fault-related folds, and thrust belts, and triangle belts.
Conclusions
Interpretations of field data and seismic data reveal that several tectonic segments within the Longmen Mountains Thrust Belt have contrasting deformation styles ( Figure 8 ). In the northern segment, thrust nappes are the main deformation structure. Decollement layers have had a strong influence on the style of tectonic deformation, as shown by thrust faults that are developed from the Sinian to the Triassic. Several decollement layers can be found in this area and they are composed of some incompetent strata, such as salt, which can flow in the process of the tectonic deformation easily as a result of its characteristics of high mobility, so this behaviour can make the upper layer develop detachment deformation [19] , such as fault-related folds and pop-up structures. The Jiaoziding Nappe, a large-scale syncline bounded by two large thrust faults, is the dominant structure of the northern segment.
In the middle segment, tectonic deformation was controlled by the Jiuding- In the southern segment, tectonic deformation also shows zonation and stratification. The zonation reflects the fact that the thrust faults located east of the Majiaoba-Tongjichang-Shuangshi Fault are nearly small scaled, whereas the thrust faults located west of the fault are largely basement-involved structures.
The Baoxing Nappe is a large-scale intrusion located between large thrust faults.
The stratification arose because the faults are influenced by multiple factors (e.g., lithology), meaning that different layers are characterized by contrasting deformation styles.
